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, $\partial_{0}=\partial_{t}=\partial/\partial t,$ $\partial_{j}=\partial/\partial x_{j}(1\leq j\leq 3)$ .
, :
(1.1) $\square :u:=F_{*}.(u, \partial u)$ in $(0, \infty)$ $\cross \mathbb{R}^{3}$ $(i=1, \cdots, m)$ ,
(1.2) $u(0,x)=\epsilon f(x),$ $(\partial_{t}u)(0, x)=\epsilon g(x)$ for $x\in \mathbb{R}^{3}$ .
$i^{=\partial_{t}^{2}-c_{i}^{2}\Delta_{x}(c}\cdot$. , $1\leq i\leq m$), $u=(u_{j})_{1\leq j\leq m},$ $\partial u=(\partial_{a}u_{j})_{1\leq j\leq m}$
, $F(u, v)=(F_{j}(u, v))_{1\leq j\leq m}$ , $u=(u_{j})_{1\leq j\leq m}\in \mathbb{R}^{m}$ $v=$
$(v_{j,a})_{1\leq j\leq m}\in \mathbb{R}^{4m}$ , $(u, v)=(0,0)$
$F(u, v)=O(|u|^{2}+|v|^{2})$
( , $v_{j,a}$ $u_{j}$ ). , $f,$ $g\in$
$C_{0}^{\infty}(\mathbb{R}^{3};\mathbb{R}^{m})$ . , $\epsilon$ .
, (1.1) $-(1.2)$
. , , “
$f,$ $g\in C_{0}^{\infty}(\mathbb{R}^{3};\mathbb{R}^{m})$ , $\epsilon_{0}$ , $0<\epsilon\leq\epsilon_{0}$
(1.1)–(1.2) $u\in C^{\infty}([0, \infty)\cross \mathbb{R}^{3};\mathbb{R}^{m})$ ’ (
, (1.1) $-(1.2)$




, $u$: ( $c_{1}=c_{2}=\cdots=$ )
. , $F(u, v)$ $(u, v)=(0,0)$ 3
(GE) . , 2 (GE)




Klainerman , Null Condition , 2 Null
Condition (GE) ([6]; Christodoulou [2] 1
). Null Condition ( , Klainerman [6]
.
, $u_{i}$ $c_{i}$
. Klainerman Null condition
([1], [3], [4], [5], [8], [9], [12], [13] ).
.
$c_{1},$ $\cdots,$ $c_{m}(>0)$ , $1\leq i\leq m$
(1.3) $\mathrm{Y}_{i}^{m}=$ {$y=(y_{1},$ $\cdots,$ $y_{m})\in \mathbb{R}^{m};c_{j}\neq$ , $y_{j}=0$},
(1.4) $N_{i}= \{X=(X_{0}, X_{1}, X_{2}, X_{3})\in \mathbb{R}^{4};X_{0}^{2}-c_{\dot{l}}^{2}\sum_{j=1}^{3}X_{j}^{2}=0\}$
. $(u, v)\in \mathbb{R}^{m}\mathrm{x}\mathbb{R}^{4m}$ $G(u, v)$ ,
$G^{(2)}(u, v)$ $G$ 2 ,
(1.5) $G^{(2)}(u, v)= \sum_{|\alpha|+|\beta|=2}\frac{(\partial_{u}^{\alpha}\partial_{v}^{\beta}G)(0,0)}{\alpha!\beta!}u^{\alpha}v^{\beta}$
. $\alpha,$ $\beta$ multi–index , multi–index
.
, , Null Condition
( $c_{1}=c_{2}=\cdots=$ Klainerman
)
1.1 (Null Condition) $u=(u_{j})_{1\leq j\leq m}\in \mathbb{R}^{m}$ $v=(v_{j,a})_{1}<j<m\in \mathbb{R}^{4m}$
$0\overline{\leq}a\overline{\leq}3$
$F(u, v)=(F_{i}(u, v))_{i=1,\cdots,m}$ Null Condition , 2
.
(a) $i\in\{1, \cdots, m\}$ ,
(1.6) $F_{i}^{(2)}(\lambda, V(\mu, X))=0$
$\lambda,$ $\mu\in \mathrm{Y}_{i}^{m}$ $X\in N_{1}$. . $V(\mu, X)\in \mathbb{R}^{4m}$
$\mu=(\mu_{1}, \cdots, \mu_{m})$ $X=(X_{0}, X_{1}, X_{2}, X_{3})$
(1.7) $V(\mu, X)=(V_{j,a}(\mu, X))_{0\leq a\leq 3}1\leq j\leq m=(\mu_{j}X_{a})_{1\leq j\leq m}0\leq a\leq 3$
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.(b) $i\in\{1, \cdots, m\}$
$(1_{:}8)$ $F_{i}^{(2)}(u, 0,0)=0$
$u\in \mathbb{R}^{m}$ 1.
$\text{ }$ , , $\{\varphi_{\lambda}(t, x)\}_{\lambda\in\Lambda}$ $\psi(t, x)$ ,
$c_{\lambda}(\lambda\in\Lambda)$ $\psi(t, x)=\sum_{\lambda\in\Lambda}$ c’\mbox{\boldmath $\varphi$}\lambda ( $x$) , $\sum’$
$\psi(t, x)=\sum_{\lambda\in\Lambda}’\varphi_{\lambda}(t, x)$ [ .
Null Condition , $1\leq i\leq m$ [ $F_{1}.(u, \partial u)$ [
:
(1.9) $F_{\dot{*}}(u, \partial u)=N_{1}.(\partial u)+R_{i}^{w}(u, \partial u)+R_{i}^{s}(u, \partial u)+H_{\dot{l}}(u, \partial u)$,
(1.10)
$N_{i}( \partial u)=\sum_{\{j,k_{j}\mathrm{c}_{j}=c_{k}=\mathrm{q}\}}.Q_{0}(u_{j}, u_{k;}\mathrm{c}_{i})+$
’
$\sum’$ $Q_{a,b}(u_{j}, u_{k})$ ,
$\{j,k_{j}\mathrm{c}_{\mathrm{j}}--c_{k^{-}}-*\cdot\}0\leq a<b\leq 3$
(1.11) $R_{\dot{\iota}}^{w}(u, \partial u)=$ $\sum’$ $u_{j}(\partial_{a}u_{k})+$ $\sum’$ $(\partial_{a}u_{j})(\mathrm{a}u_{k})$ ,
$\{j,k,\cdot c_{\mathrm{j}}=c_{\mathrm{k}}\neq \mathrm{q}\}0\leq a\leq 3$ $\{j,kc_{\mathrm{j}}=c_{\mathrm{k}}\neq\alpha.10\leq a,b\leq 3$
(1.12)
$R_{\dot{l}}^{\theta}(u, \partial u)=\sum_{\{j,kc_{\mathrm{j}}\neq c_{h}\}}u_{j}(\partial_{a}u_{k})+\sum_{0\leq a,b\leq 3}\prime\prime(\partial_{a}u_{j})(\partial_{b}u_{k})\{j,kc_{\mathrm{j}}\neq c_{k}\}$
’
(1.13) $H_{\dot{\iota}}(u, \partial u)=O(|u|^{3}+|\partial u|^{3})$ .
$Q_{0}(u_{j}, u_{j};\mathrm{q}.)$ $Q_{a,b}(u_{j}, u_{k})(0\leq a<b\leq 3)$ Null Form
,
$(1.14)$ $Q_{0}(u_{j},$ $u_{k;}$ ) $=(\partial_{t}u_{j})$ $(\partial_{t}u_{k})-c_{i}^{2}(\nabla_{X}u_{j})\cdot(\nabla_{X}u_{k})$ ,
(1.15) $Q_{a,b}(u_{j},$ $u_{k})=(\partial_{a}u_{j})(\partial_{b}u_{k})-(\partial_{b}u_{j})(\partial_{a}u_{k})$
. Klainerman $c_{1}=\cdots=$ , $F$
Null Condition (GE) . ,
$R_{\dot{\iota}}^{w}(u, \partial u)=R_{\dot{l}}^{s}(u, \partial u)\equiv 0$ .
, Null Condition ,
( Null Condition l ,
).
, [3], [4], [5] .
$1c_{1}=c_{2}=\cdots=$ $\mathrm{Y}^{m}.\cdot=\mathbb{R}^{m}$ , (a) , (1.8)
.
17
1J $F\ovalbox{\tt\small REJECT}$ ( )l i Null Condition $\ovalbox{\tt\small REJECT}\backslash$ .
, 3 (H1) –(H3) \vdash ,
$\ovalbox{\tt\small REJECT}(1\ovalbox{\tt\small REJECT} i\ovalbox{\tt\small REJECT} m)$ . , (1.1)-(12)
(GE) $\ovalbox{\tt\small REJECT}$
(H1) $G_{i,a}(0\leq a\leq 3)$ ,
$F_{i}^{(2)}(u, \partial u)=\sum_{0\leq a\leq 3}\partial_{a}G_{i,a}(u)$
’
$C^{1}$ $u$ .
(H2) $u\in \mathbb{R}^{m},$ $v\in \mathbb{R}^{4m}$
$F_{i}^{(2)}(u, v)=F_{i}^{(2)}(0, v)$
. $F_{i}^{(2)}(u, \partial u)$ $u$ , $u$ .
(H3) (1.6)
$F_{i}^{(2)}(\lambda, V(\mu, X))=0$
$( \lambda, \mu)\in\bigcup_{j=1}^{m}(\mathrm{Y}_{j}^{m}\mathrm{x}\mathrm{Y}_{j}^{m})$ $X\in N_{i}$ 2.
, $V(\mu, X)=(\mu_{j}X_{a})_{1\leq j\leq m}$ .
, [1], [8], [9], [12], [13] .
$c_{1}=\cdots=$ , $F$ Null Condition , (H2) (H3)
$F_{i}$ , Klainerman
[6] . ,
3 (H1), (H2), (H3)
. , , 3
. Null Condition, (H1), (H2), (H3)
2 , 3
.
, Null Condition (1.9)–(1.13)
, (H1), (H2), (H3) ,
.
$2\mathrm{N}\mathrm{u}11$ Condition ( l.l–(a)) , $(\lambda,\mu)\in \mathrm{Y}_{i}^{m}\mathrm{x}\mathrm{Y}_{*}^{m}$. (1.6)
.
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Null $\mathrm{C}\mathrm{o}\mathrm{n}\mathrm{d}\mathrm{i}\mathrm{t}\mathrm{i}o\mathrm{n}+(\mathrm{H}\mathrm{l})$ :(1.9)& , $N_{i}(\partial u)\equiv 0$ , (
(1.16) $R_{i}^{w}(u, \partial u)=$ $\sum’$ $\{u_{j}(\partial_{a}u_{k})+(\partial_{aj}u)u_{k}\}$ ,
$\{j,k_{j}c_{j}=c_{k}\neq c:0\leq a\leq 3\}$
(1.17)
$R_{i}^{s}(u, \partial u)=\sum_{\{j,k_{j\mathrm{C}j}\neq c_{k}\}}\{u_{j}(\partial_{a}u_{k})+(\partial_{a}u_{j})u_{k}\}$
’
. $H_{i}$ (1.13) . Null Condition




( $c_{1}\neq c_{2}$ ).
Null $\mathrm{C}\mathrm{o}\mathrm{n}\mathrm{d}\mathrm{i}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}+(\mathrm{H}2):(1.9$) & ,
(1.19) $R_{\dot{l}}^{w}(u, \partial u)=\sum_{\{j,kc_{j}=c_{k}\neq \mathrm{q}\}}.(\partial_{a}u_{j})(\partial_{b}u_{k})’$,
(1.20)
$R_{i}^{s}(u, \partial u)=\sum_{\{j,kc_{\mathrm{j}}\neq c_{k}\}}(\partial_{a}u_{j})(\partial_{b}u_{k})$
’
. $N_{i}$ $H_{i}$ , (1.10) (1.13) ,
.




( $c_{1}\neq c_{2}$ ).
Null $\mathrm{C}\mathrm{o}\mathrm{n}\mathrm{d}\mathrm{i}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}+(\mathrm{H}3):(1.9)$ , $N_{1}.,$ $R_{i}^{s},$ $H_{i}$ (H3) ,
(1.10), (1.12), (1.13) . $R_{-}^{w}$ $N_{1}$.
(1.22) $R_{}^{w}(u, \partial u)=\sum_{\{j,k;\mathrm{c}_{j}=\mathrm{c}_{k}\neq \mathrm{c};\}}Q_{0}(u_{j}, u_{k};c_{j})+\sum_{\{j,kc_{j}=c_{\mathrm{h}}\neq \mathrm{q}\}}\prime\prime.Q_{a,b}(u_{j},$
$u_{k\grave{)}}0\leq a,b\leq 3$
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( $c_{1}\neq c_{2}$ ).
, 1.1 , Null Condition , (H1), (H2), (H3) 3
$F_{\dot{\iota}}$ .
, $F_{1}$ (H1) , $F_{2}$ (H2) , $F_{3}$ (H3)
1.1 .






( $c_{1}\neq c_{2}$ ). Null Condition . , $u_{1}$
$(\partial_{t}u_{1})u_{2}$ (H3) , $u_{2}$ $(\partial_{t}u_{1})^{2}$
(H2) . , $c_{1}<c_{2}$ (GE)
(
). , .




$\square _{1}u_{1}=2u_{2}(\partial_{a}u_{2})$ in $(0, \infty)$ $\mathrm{x}\mathbb{R}^{3}$ ,
$\square _{2}u_{2}=Au_{1}(\partial_{b}u_{2})+B(\partial_{b}u_{1})u_{2}$ in $(0, \infty)$ $\cross \mathbb{R}^{3}$
(1.26) $u:(0, x)=\epsilon f_{i}(x),$ $\partial_{t}u:(0, x)=\epsilon g_{i}(x)$ for $x\in \mathbb{R}^{3}(i=1,2)$ .
$0\leq a,$ $b\leq 3$ , $A,$ $B$ . , ( )
$\square _{:}=\partial_{t}^{2}-c_{\dot{l}}^{2}\Delta_{x}(i=1,2)$ , $c_{1},$ $c_{2}$ $c_{1}\neq c_{2}$ .
Null Condition . $F_{1}=2u_{2}(\partial_{a}u_{2})(=\partial_{a}(u_{2})^{2})$
(H1) , (H2) (H3) . $F_{2}=Au_{1}(\mathrm{a}u_{2})+$
$B(\partial_{b}u_{1})u_{2}(=(A-B)u_{1}(\partial_{b}u_{2})+B\partial_{b}(u_{1}u_{2}))$ (H3) , $A=$
$B=0$ (H2) . $A=B$ (H1)
20




L2 (1.25)–(1.26) (GE) .
12 ( ) . 3
12 .
2
, . $\Gamma_{0}$ $\Omega_{jk}(1\leq j<k\leq 3)$
(2.1) $\Gamma_{0}=t\partial_{t}+\sum_{j=1}^{3}x_{j}\partial_{j}$ ,
(2.2) $\Omega_{jk}=x_{j}\partial_{k}-x_{k}\partial_{j}(1\leq j<k\leq 3)$
. $(0\leq a\leq 3)$ ,
(2.3) $\Gamma=\{\Gamma_{0}, \Gamma_{1}, \cdots, \Gamma_{7}\}=\{\Gamma_{0;}\Omega_{jk}(1\leq j<k\leq 3);\partial_{a}(0\leq a\leq 3)\}$
. , multi-index $\alpha=(\alpha_{0}, \alpha_{1}\cdots, \alpha_{7})$
$\Gamma^{\alpha}=\Gamma_{0}^{\alpha_{0}}\Gamma_{1}^{\alpha_{1}}\cdots\Gamma_{7}^{\alpha\tau}$
{ . { $[\Gamma_{0\square :},]=-2\square _{i},$ $[\Gamma_{j,i}\square ]=0(1\leq j\leq$







$\varphi(t, x)$ , $s$ $1\leq p\leq\infty$
(2.6)
$| \varphi(t, x)|_{s}=\sum_{0\leq|\alpha|\leq s}|\Gamma^{a}\varphi(t,x)|$
,




(2.8) $w_{+}(t, x)=1+t+|x|$ ,
(2.9) $wj(t, x)=1+|cjt-|x||$ $(j=1,2)$ ,
(2.10) $w_{0}(t, x)=1+|x|$ ,
(2.11) $w_{-}(t, x)= \min_{0\leq j\leq 2}wj(t, x)$ .
, $(t, x)\in[0, \infty)\cross \mathbb{R}^{3}$
(2.12) $w_{j}(t, x)w_{k}(t, x)\geq Cw_{+}(t, x)w_{-}(t, x)(0\leq j<k\leq 2)$ ,
. , $j,$ $k,$ $l\in\{0,1,2\}$ $j,$ $k,$ $l$ 1‘{ { , $0<\mu_{1}\leq$
$\mu_{2}\leq\mu_{3}$
(2.13) $w_{j}(t,x)^{\mu 1}w_{k}(t,x)^{\mu 2}w_{l}(t, x)^{\mu \mathrm{s}}\geq Cw_{+}(t,x)^{\mu_{1}+\mu 2}w_{-}(t, x)^{\mu_{3}}$
.
, $\Phi(t, x)$ [ , $L_{i}(\Phi)(t, x)(i=1,2)$ $L_{i}(\Phi)(t, x)=\phi(t, x)$ .
$\phi(t, x)$
(2.14) $\{$
$\square :\emptyset(t, x)=\Phi(t, x)$ for $(t, x)\in(0, \infty)\cross \mathbb{R}^{3}$
$\phi(0, x)=(\partial_{t}\phi)(0,x)=0$ for $x\in \mathbb{R}^{3}$
.
, . Kubota–Yokoyama [9]
.
2.1 $c_{1}\neq c_{2}$ . $i=1,2$ .
(I) $D(t, x)$ $W(t, x)$ ,
(2.15) $D(t, x)|L:( \Phi)(t, x)|\leq C\sup|y|W(s, y)|\Phi(s, y)|$
$0\leq s<ty\in \mathrm{R}^{\mathrm{B}}$
:
(i) $D=w_{+}w^{\nu}.\cdot,$ $W=w_{+}^{1+\nu}w_{-}^{1+\mu}$ . $\nu>0,$ $\mu>0$ .
(ii) $D=w_{+}^{1-\rho-\delta}w^{\underline{\delta}},$ $W=w_{+}^{1+\mu-\rho}w_{-}^{1-\mu}$ . $\rho\geq 0,$ $\delta>0,$ $\mu>0$ .
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(II) 0 $\ovalbox{\tt\small REJECT} a\ovalbox{\tt\small REJECT} 3$ . , $D(t, x)$ $W\mathrm{G}x$)
,
(2.16)
$D(t, x)|L_{i}( \partial_{a}\Phi)(t, x)|\leq C\sup_{y\in\overline{\mathrm{R}}^{3}}|y|W(s, y)|\Phi(s, y)|_{1}0\leq s<t$
:
(i) $D=w_{0}w_{\dot{l}}^{\nu},$ $W=w_{+}^{\nu+\mu}w_{j}^{1-\mu}$ . $\nu>0,$ $\mu>0,$ $j=0,1,2.0<\nu<1$
{ , [ $j\neq i$ .
(ii) $D=w_{0}w_{\dot{\iota}}^{\nu},$ $W=w_{+}^{1+\mu}w_{1}^{\nu-\mu}.$ . $0<\nu\leq 1,$ $\mu>0$ .
(iii) $D=w_{0}w_{\dot{l}},$ $W=w_{+}w_{j}^{1+\mu}$ $\mu>0,$ $j=0,1,2$ $j\neq i$ .
(iv) $D=w_{+}^{-\rho}w_{0}w_{i},$ $W=w_{+}^{1+\mu-\rho}w_{-}^{1-\mu}$ . $\rho\geq 0,$ $\mu>0$ .




, 2.1 , $D$ , $W$
. ,
$(\mathrm{I}\mathrm{I})-(\mathrm{i}\mathrm{i}\mathrm{i})$ , $W=w_{+}w_{-}^{1+\mu}$ , $W=w_{+}( \min_{j=0,1}w_{j})^{1+\mu}$
.
$L^{2}$ . .
2.2( ) $t$ $\geq 0$
$|| \partial L_{i}(\Phi)(t, \cdot)||_{L^{2}}\leq C\int_{0}^{t}||\Phi(s, \cdot)||_{L^{2}}ds$
.
Klainerman conformal energy ([6]) , Lindblad $\Gamma$
$a$ ([10]) , $||L_{i}(\Phi)||_{L^{2}}$ ,
. [5] .
2.3 $i=1,2$ , :
$||L:(\Phi)(t, \cdot)||_{1,2}+||w_{i}(t, \cdot)\partial L:(\Phi)(t, \cdot)||_{L^{2}}$
(2.17)
$\leq C\int_{0}^{t}||w_{+}(s, \cdot)\Phi(s, \cdot)||_{L^{2}}ds$ .
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, $L_{i}(\partial_{a}\Phi)=\partial_{a}L_{i}(\Phi)$ , $||L_{i}(\partial_{a}\Phi)||_{L^{\mathit{2}}}$
, . , $\partial L_{i}(\partial_{a}\Phi)$
$L_{i}(\Phi)$ 2 , Klainerman–Sideris $\Gamma$
2 ([7]) .
, . , [5]
.
2.4 $a=0,1,2$ , $i=1,2$ . ,
$||L_{\dot{*}}(\partial_{a}\Phi)(t, \cdot)||_{1,2}+||w_{\dot{l}}(t, \cdot)\partial L:(\partial_{a}\Phi)(t, \cdot)||_{L^{2}}$
(2.18)
$\leq C\{\int_{0}^{t}||\Phi(s, \cdot)||_{1,2}ds+||w_{+}(t, \cdot)\Phi(t, \cdot)||_{L^{2}}+||\Phi(s, \cdot)||_{1,2}|_{s=0}\}$
.
$\phi(0, x)=f(x),$ $(\partial_{t}\phi)(0, x)=g(x)$ , $i\phi=0$




$|x||\psi(t, x)|\leq C||\psi(t, \cdot)||_{2,2}$
.
, Klainerman–Sideris [7] .
3 L2
,
$T$ . , ,
, .
, $u(t, x)$ $0\leq t<T$ } #1 (1.25) $-(1.26)$ $C^{\infty}$ ,
$E(T)$ :
(3.1a) $E(T)= \sup_{0\leq t<T}e(t)$ ,
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(3.1b) $e(t)\ovalbox{\tt\small REJECT}$ $\sum||e_{k}(t, )|\mathbb{D}\sim(\mathbb{R}^{3})$ $+e_{5}(t)+e_{6}(t)$ ,
$k\ovalbox{\tt\small REJECT} 1$
(3.1c) $e_{1}(t, x)=. \sum_{1=1}^{2}w_{0}(t, x)w_{i}(t, x)|u:(t,x)|_{K+1}$ ,
$(3.1\mathrm{d})$ e2 $(t, x)=w_{0}(t, x)w_{1}(t, x)^{\rho_{1}}|u_{1}(t,x)|_{K\dagger 3}$,
$(3.1\mathrm{e})$ $e_{3}(t, x)=w_{0}(t, x)w_{2}(t, x)^{\rho_{1}}|u_{2}(t, x)|_{K+2}+w_{0}(t,x)w_{2}^{1+\rho_{2}}|\partial u_{2}(t, x)|_{K+1}$ ,
$(3.1\mathrm{f})$ $e_{4}(t, x)=w_{+}^{-2\lambda}. \sum_{|=1}^{2}(w_{+}(t,x)^{1-\delta}w:(t, x)^{\delta}|u_{i}(t, x)|_{2K-2}$
$+w_{0}(t, x)w_{i}(t, x)|\partial u_{i}(t,x)|_{2K-3})$ ,
$(3.)$ $e_{5}(t)=(1+t)^{-\lambda} \sum_{\dot{l}=1}^{2}(||u_{i}(t)||_{2K,2}+||w:(t)|\partial u_{\dot{l}}(t)|_{2K-1}||_{L^{2}})$ ,
$(3.1\mathrm{h})$ $e_{6}(t)=(1+t)^{-\lambda} \sum_{\dot{*}=1}^{2}||\partial u:(t)||_{2K,2}$
. , $K$ , $0<\lambda<<1,0<\rho_{2}<\rho_{1}<1-2\lambda,$ $0<\delta<$
$\min\{1-2\lambda-\rho_{1}, \rho_{1}\}$ .
:
31 ($T$ ) $\epsilon_{1}(>0)$ $M(>0)$ , $0<\epsilon\leq\epsilon_{1}$
$E(T)\leq M$
$E(T)\leq C_{0}(\epsilon^{2}+E(T)^{2})$
. $C_{0}$ , $T$ $\epsilon$ .
3.1 , (continuation argument, bootstrap argu-
ment) , $\epsilon$ , $E(T)$
. , ,
, L2 . , 3.1 .
31 : , $\epsilon$ $E(T)$ .
$e_{6}(t)$ \emptyset \acute \supset 1‘\mbox{\boldmath $\tau$}: $F_{\dot{l}}$ 2 ,




$|| \partial u(t)||_{2K,2}\leq C(\epsilon+\int_{0}^{t}(1+s)^{\lambda-1}||e_{1}(s)||_{L^{\infty}}\{e_{5}(s)+e_{6}(s)\}ds)$
$\leq C(\epsilon+(1+t)^{\lambda}E(T)^{2})$
.
(3.2b) $\sup_{0\leq t<T}e_{6}(t)\leq C(\epsilon+(1+t)^{\lambda}E(T)^{2})$
.
$e_{5}(t)$ \emptyset $\mathrm{I}^{r_{\vee}}.\supset 1^{\mathrm{a}}$ :
$||u_{2}(t)^{2}||_{2K,2}\leq C(1+t)^{\lambda-1}||e_{1}(t)||_{L}\infty e_{5}(t)$ ,
$||w_{+}(t)|u_{2}(t)^{2}|_{2K-1}||_{L^{2}}\leq C(1+t)^{\lambda}||e_{1}(t)||_{L}\infty e_{5}(t)$
, 2.4
(3.3) $||u_{1}(t)||_{2K,2}+||w_{1}(t)|\partial u_{1}(t)|_{2K-1}||_{L^{2}}\leq C(\epsilon+(1+t)^{\lambda}E(T)^{2})$
.




$V_{\beta,\gamma}=(\Gamma^{\beta}u_{1})(\Gamma^{\gamma}\partial_{b}u_{2}),$ $W_{\beta,\gamma}=(\Gamma^{\beta}\partial_{b}u_{1})(\Gamma^{\gamma}u_{2})$ $\#$} $1\mathrm{f}$
$||u_{2}(t)||_{2K,2}+||w_{2}(t)|\partial u_{2}(t)|_{2K-1}||_{L^{2}}$
(3.4a)
$\leq C\epsilon+C\sum_{|\beta|+|\gamma|\leq 2K-1}\{||L_{2}(V_{\beta,\gamma})(t)||_{1,2}+||w_{2}(t)\partial L_{2}(V_{\beta,\gamma})(t)||_{L^{2}}\}$
$+C$ $\sum$ $\{||L_{2}(W\beta,\gamma)(t)||_{1,2}+||w_{2}(t)\partial L_{2}(W\beta,\gamma)(t)||_{L^{2}}\}$
|\beta | |\gamma 2K-1
.





(2 3 (2.13) ). , 23
(3.4c) $||L_{2}(V_{\beta,\gamma})(t)||_{1,2}+||w_{2}(t)\partial L_{2}(V_{\beta,\gamma})(t)||_{L^{2}}\leq C(\epsilon+(1+t)^{\lambda}E(T)^{2})$
$\text{ }\gamma X\text{ }>arrow \text{ }\mathrm{B}\grave{\grave{>}}/\mathrm{A}\mathrm{B}>\text{ }$ .
$|\beta|\geq|\gamma|$ . (2.5)





$\sum_{|\gamma|\leq|\gamma|,0\leq \mathcal{U}\leq 3}\partial_{y}\{’(\Gamma^{\beta}u_{1})(\Gamma^{\gamma’}u_{2})\}-\sum_{0\leq c\leq 3}(\Gamma^{\beta’}\partial_{c}u_{1})(\Gamma^{\gamma’}u_{2})|\beta’|\leq|\beta||\gamma’|\leq|\gamma|$
’
. $L_{2}(\partial_{b’}\{(\Gamma^{\beta}u_{1})(\Gamma^{\gamma’}u_{2})\})$ , (3.3)
. , $|\gamma’|\leq|\gamma|\leq K,$ $|\beta’|\leq|\beta|\leq 2K-1$
$L_{2}((\Gamma^{\beta’}\partial_{c}u_{1})(\Gamma^{\gamma’}u_{2}))$ , $|\beta|\leq|\gamma|$ $V_{\beta,\gamma}$ .
(3.4c) $|\beta|\geq|\gamma|$ .
$W_{\beta,\gamma}$ , $V_{\beta,\gamma}$ ,





$e_{4}(t, x)$ \emptyset $t_{\llcorner’}^{-}\supset 1^{\mathrm{a}}\text{ }$ : 2.1 $(\mathrm{I})-(\mathrm{i}\mathrm{i})$ $(\mathrm{I}\mathrm{I})-(\mathrm{i}\mathrm{v})$ ,
(3.6a) $|y|w_{+}(s, y)^{1+\mu-2\lambda}w_{-}(s, y)^{1-\mu}|F_{\dot{l}}(s, y)|_{2K-2}\leq CE(T)^{2}$
$\mu>0$ $(s, y)\in[0, T)\mathrm{x}\mathbb{R}^{3}$ ,




$|y||F_{i}(s, y)|_{2K-2}\leq C|u(s, y)|_{K+1}(|y||u(s, y)|_{2K-2}+|y||\partial u(s, y)|_{2K-2})$
(3.7) $\leq C|u(s, y)|_{K+1}(||u(s, \cdot)||_{2K,2}+||\partial u(s, \cdot)||_{2K,2})$
$\leq Cw_{+}(s, y)^{-1}w_{-}(s, y)^{-1}(1+s)^{\lambda}||e_{1}(s)||_{L^{\infty}}(e_{5}(t)+e_{6}(t))$
, $\mu\leq\lambda$ (3.6a) . , (3.6b) .
$e_{3}(t, x)$ \emptyset $\{_{\acute{\mathrm{L}}’}\supset \mathrm{b}^{\mathrm{a}^{\vee}}C:i=1,2$ 1
$\Lambda_{1}$. $= \{(t,x)\in[0,T)\cross \mathbb{R}^{3};|\alpha.t-|x||\leq\min\{|c_{2}-c_{1}|, |\mathrm{q}.|\}t/2\}$
, $\Lambda_{0}=([0, T)\mathrm{x}\mathbb{R}^{3})\backslash (\Lambda_{1}\cup\Lambda_{2})$
(3.8a) $w_{0}(t, x)w_{2}(t, x)^{\rho 1}|u_{2}(t, x)|_{K+2}\leq C(\epsilon+E(T)^{2})$
.
(3.8b) $\coprod_{2}u_{2}=(A-B)u_{1}(\partial_{b}u_{2})+B\partial_{b}(u_{1}u_{2})$
, 1 21(I) $-(\mathrm{i})$ ,
2 $(\mathrm{I}\mathrm{I})-(\mathrm{i})$ (ii) , (3.8a)
$\mu>0$
(3.8c) $\sup$ $w_{0}w_{+}^{1+\rho 1}w_{-}^{1+\mu}|u_{1}(\partial_{b}u_{2})|_{K+2}\leq CE(T)^{2}$ ,
$(s,y)\in[0,T)\mathrm{x}\mathrm{R}^{S}$
$(3.8\mathrm{d})$





(3.9) $\leq Cw_{+}^{2\lambda}w_{0}^{-1}w_{1}^{-1}w_{2}^{-1}e_{1}e_{4}+Cw_{0}^{-1}w_{1}^{-\rho 1}w_{2}^{-1-\rho_{2}}e_{2}e_{3}$
$\leq C(w_{+}^{-2+2\lambda}w_{-}^{-1}+w_{+}^{-1-\rho_{1}}w_{-}^{-1-\rho_{2}})E(T)^{2}$






(3.11) $w_{0}|u_{1}u_{2}|_{K+3}\leq C(w_{+}^{-1+2\lambda}w_{-}^{-1}+w_{+}^{-1-\rho 1}w_{-}^{-1})E(T)^{2}$
. , $\Lambda_{j}$ $w_{j}$ $w_{-}$ ,
$\mu<1-2\lambda-\rho_{1}$ $(3.8\mathrm{d})$ . , $\Lambda_{2}$ (3.10)
(3.12) $w_{0}|u_{1}u_{2}|_{K+3}\leq C(w_{+}^{-2+\delta+2\lambda}w_{2}^{-\delta}+w_{+}^{-1-\rho 1}w_{2}^{-1})E(T)^{2}$
, $\mu$ $(3.8\mathrm{e})$ . (3.8a) .
(3.13) $w_{0}(t, x)w_{2}(t, x)^{1+\rho 2}|\partial u_{2}|_{K+1}\leq C(\epsilon+E(T)^{2})$
. 21 $(\mathrm{I}\mathrm{I})-(\mathrm{i})$ ,
(3.14) $w_{0}w_{+}^{1+\rho_{2}+\mu}w_{-}^{1-\mu}(|u_{1}(\partial_{b}u_{2})|_{K+2}+|u_{2}(\partial_{b}u_{1})|_{K+2})\leq CE(T)^{2}$
$\mu>0$ .








, $\mu<\min\{1-2\lambda-\rho_{2}, \rho_{1}-\rho_{2}\}$ , (3.15b)
. (3.13) .
(3.8a) (3.13)
(3.16) $||e_{3}(t, \cdot)||_{L}\infty\leq C(\epsilon+E(T)^{2})$
.
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$e_{2}(t, x)$ \emptyset $\{_{\llcorner}"\vee\supset 1^{\mathrm{a}}$ :
(3.17a) $||e_{2}(t, \cdot)||_{L^{\infty}}\leq C(\epsilon+E(T)^{2})$
, 21(II) $-(\mathrm{i})$ (ii)
(3.17b) $(s,y) \in\Lambda_{j}\sup w_{0}w_{+}^{\rho_{1}+\mu}w_{j}^{1-\mu}|u_{2}^{2}|_{K+4}\leq CE(T)^{2}$ $(j=0,2)$ ,
(3.17c) $( \epsilon,y)\in\Lambda_{1}\sup w_{0}w_{+}^{1+\mu}w_{1}^{\rho_{1}-\mu}|u_{2}^{2}|_{K+4}\leq CE(T)^{2}$
$\mu>0$ .
$(3.17\mathrm{d})$ $w_{0}|u_{2}^{2}|_{K+4}\leq Cw_{+}^{-1+\delta+2\lambda}w_{2}^{-1-\delta}e_{1}e_{4}$
, $\mu<1-2\lambda-\rho_{1}-\delta$ (3.17b) . , $\Lambda_{1}$
, $(3.17\mathrm{d})$
$w_{0}|u_{2}^{2}|_{K+4}\leq Cw_{+}^{-2+2\lambda}e_{1}e_{4}$
, $\mu<\rho_{1}$ (3.17c) .
$e_{1}(t, x)$ : , $w_{0}w_{1}u_{1}$ . 21 $(\mathrm{I}\mathrm{I})-(\mathrm{i}\mathrm{i})$ (iii)
,
(3.18a) $(s,y) \in\Lambda_{1}\sup w_{0}w_{+}^{1+\mu}w_{1}^{1-\mu}|u_{2}^{2}|_{K+2}\leq CE(T)^{2}$
(3.18b) $\sup_{(s,y)\in\Lambda_{j}}w_{0}w_{+}w_{j}^{1+\mu}|u_{2}^{2}|_{K+2}\leq CE(T)^{2}$ $(j=0,2)$ ,
$\mu>0$ .
(3.19) $w_{0}|u_{2}^{2}|_{K+2}\leq w_{0}^{-1}w_{2}^{-1-\rho 1}e_{1}e_{3}$
, $\Lambda_{0}$ A2 , $w_{0}|u_{2}^{2}|_{K+2}\leq Cw_{+}^{-1}w_{-}^{-1-\rho 1}E(T)^{2}$ .
$\mu\leq\rho_{1}$ (3.18b) . , $\Lambda_{1}$ $w_{0}|u_{2}^{2}|_{K+2}\leq Cw_{+}^{-2-\beta 1}E(T)^{2}$
$\mu\leq 1$ (3.18a) .
(3.20) $w_{0}(t, x)w_{2}(t, x)|u_{2}|_{K+1}\leq C(\epsilon+E(T)^{2})$
. (3.8b) 21 $(\mathrm{I})-(\mathrm{i})$ $(\mathrm{I}\mathrm{I})-(\mathrm{i})$
(3.21a) $(s,y)[0,T) \mathrm{x}\mathrm{R}^{3}\sup_{\in}w_{0}w_{+}^{2}w_{-}^{1+\mu}|u_{1}(\partial_{b}u_{2})|_{K+1}\leq CE(T)^{2}$ ,












(3.24) $||e_{1}(t, \cdot)||_{L^{\infty}}\leq C(\epsilon+E(T)^{2})$
.
(3.2b), (3.5), (3.6b), (3.16), (3.17a), (3.24) , 3.1 .
4 $\mathrm{r}\mathrm{b}$










(1.25) . , 3
$u_{1}$ , $\partial u_{1}$ , (4.1)
(GE) .
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